HOXA transcript at the distal tip (HOTTIP) has been shown to be up-regulated in a variety of cancers and is identified as an oncogenic long noncoding RNA. However, the biological role of HOTTIP in liver fibrosis is unclear. Here, we reported that HOTTIP was specifically overexpressed in activated hepatic stellate cells (HSCs). --
| INTRODUCTION
Liver fibrosis is a wound-healing response to chronic liver injury. 1 During chronic injury, the liver parenchyma is gradually replaced with excessive extracellular matrix, eventually causing disruption of liver architecture and the loss of liver function. Hepatic stellate cell (HSC) activation is regarded as the important event in the progression of liver fibrosis. 2, 3 Recently, it has been reported that many noncoding
RNAs have been linked to HSC activation. 4, 5 However, the function and underlying mechanism of noncoding RNAs in liver fibrosis is far from being fully elucidated.
MicroRNAs (miRNAs) have been reported to be implicated in many cell functions, such as proliferation, differentiation, development, and apoptosis. 6, 7 miRNAs are differentially expressed during the course of liver fibrosis. For instance, the increased expression of miR-125a and miR-34a as well as the decreased expression of miR-181, miR-200a, and miR-29b are observed in fibrotic livers. [8] [9] [10] [11] [12] miR-150 is reduced in activated HSCs and its mimics decreases HSC activation through inhibiting c-myb expression. 13 Our previous data also
showed that miR-150 can hinder the activation of HSCs via inhibition of Sp1 and Col4A4. 14 Whether there are other targets of miR-150 remains largely unknown.
Increasing evidence indicates that HOTTIP is overexpressed in prostate cancer, lung cancer, and pancreatic cancer. [15] [16] [17] HOTTIP knockdown impedes cell viability, proliferation, invasion, and angiogenesis in human cancer cells, 18, 19 therefore it is been identified as an oncogenic long noncoding RNA (lncRNA). In addition, HOT-TIP overexpression is in association with poor prognosis in cancers. 20, 21 HOTTIP expression is regulated by miR-125, miR-192, and miR-204. 22, 23 However, whether HOTTIP can modulate miRNAs has not been investigated. Many studies have showed that lncRNAs can act as natural sponge to modulate target expression by sequestering miRNAs. 24, 25 However, it is unclear whether HOTTIP may also have such a role to link miRNA and its target in liver fibrosis.
In the present study, our results showed that HOTTIP is specifically in activated HSCs. HOTTIP silencing can hinder activation and proliferation of HSCs. Further study revealed that HOT-TIP acts as a ceRNA to enhance serum response factor (SRF) expression by sequestering miR-150, thus promoting the activation of HSCs.
| MATERIALS AND METHODS

| Animals
Male C57BL/6J mice (20 ± 2 g) were bred in the animal house without specific pathogen. All experiments in this study were 
| Cell culture
Primary mouse HSCs were obtained by pronase/collagenase perfusion solution plus density gradient centrifugation, as previously detailed. 26 The purity of the isolated HSCs was evaluated based on immunocytochemical staining for a-SMA and the purity was in excess of 95%. Mouse hepatocytes were obtained using collagenase perfusion technique as previously described. 27 Cells were cultured in Dulbecco's modified Eagle's medium including 10% foetal bovine serum, streptomycin (100 g/mL), and penicillin (100 units/mL). The cells were incubated at 37°C in a humidified incubator of 5% CO 2 .
| Adenovirus production
The adenoviral vector containing HOTTIP DNA sequence (Ad-HOT-TIP-wt), the adenoviral vector containing mutated (predicted miR-150 binding sites) HOTTIP DNA sequence (Ad-HOTTIP-mut), the adenoviral vector containing HOTTIP shRNA (Ad-shHOTTIP), the adenoviral vector containing SRF shRNA (Ad-shSRF), and the negative control were purchased from Shanghai Genechem (Shanghai, China).
| Plasmid construction
To generate pmirGLO-SRF-wt, pmirGLO-HOTTIP-wt, and pcDNA-HOTTIP-wt, mouse SRF 3′UTR and HOTTIP cDNA were amplified by PCR and then subcloned into pmirGLO plasmid or pcDNA3.1 (Life Technologies, Carlsbad, CA, USA). pmirGLO-HOTTIP-mut and pmirGLO-SRF-mut were generated by the site-directed mutagenesis kit (Stratagene, La Jolla, CA, USA). The mutated sequences were located in the predicted miR-150 binding sites ( Figures 3B and 4A ).
The constructs were validated by DNA sequencing. confocal microscope (Carl Zeiss AG, Jena, Germany). After liver sections were dewaxed, dehydrated, and subjected to antigen retrieval, the samples were treated overnight at 4°C with mouse a-SMA antibody, followed by a biotinylated secondary antibody. The α-SMA expression was visualized by DAB staining.
| Quantitative real-time PCR (qRT-PCR)
The total RNA was isolated from HSCs and liver tissues using TRIzol 
| Cell proliferation assay
HSCs were transduced with Ad-shHOTTIP for 48 hours. Then the cells were incubated with 5-Ethyny-2′-deoxyuridine (EdU) for 12 hours. Cell proliferation was examined using an EdU detection kit (Beyotime Biotechnology, Jiangsu, China) in keeping with the manufacturer's instructions.
| Western blot
Proteins were isolated using a RIPA lysis buffer (Beyotime Biotechnology) and subjected to SDS-PAGE. After blocking, the membrane was incubated with the primary antibodies (β-actin, type I collagen, and α-SMA, Abcam) and the secondary antibodies (Li-Cor Biosciences Inc., Lincoln, NE, USA). Signals were examined using an
Odyssey infrared scanner (Li-Cor Biosciences Inc.).
| Statistical analysis
The results were expressed as the mean ± SD. Differences between groups were compared using a Student's t test or one-way analysis of variance. P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 13.0 (IBM, Armonk, NY, USA).
| RESULTS
| HOTTIP is up-regulated in activated HSCs
To explore the role of HOTTIP in liver fibrogenesis, we first analysed we failed to find a remarkable up-regulation of HOTTIP in hepatocytes ( Figure 1F ). In conclusion, these results showed that HOTTIP is specifically dysregulated in HSCs during experimental fibrogenesis.
| Activation and proliferation of HSCs is negatively regulated by HOTTIP knockdown
The remarkable up-regulation of HOTTIP in HSCs urged us to deter- 
| HOTTIP interacts with miR-150
Our previous study indicates that miR-150 is decreased in activated LX-2 cells. 14 Here, we detected the expression of miR-150 in mouse
HSCs by qRT-PCR. There was a 66% reduction in the expression of miR-150 in primary mouse HSCs at day 10 compared with day 2 (Figure 3A) , consistent with the previous report. 28 Recently, some miRNAs have been reported to directly inhibit lncRNA expression.
29,30
Here, we explored whether miR-150 can suppress HOTTIP expression.
The online software RNA22 was employed to predict that HOTTIP contains a target of miR-150 ( Figure 3B ). Next, we applied the luciferase assays to confirm whether miR-150 binds to HOTTIP. As shown in Figure 3C , miR-150 mimics effectively reduced the luciferase activity 
| HOTTIP controls SRF expression by competing for miR-150
It has been reported that some lncRNAs can serve as a sponge by binding miRNAs, thereby abrogating miRNA-induced inhibiting activity on the targets. Herein, we investigated whether HOTTIP can regulate target expression by competing for miR-150. Among the putative miR-150 targets, we selected SRF given that it is in control of transcription of α-SMA and Col1A1. We found that SRF 3′UTR
harbours three target sites of miR-150 based on TargetScan software ( Figure 4A ). As shown in Figure 4B , compared with the miR-NC, miR-150 mimics remarkably reduced the luciferase activity (55% inhibition) of the pmirGLO-SRF-wt reporter. However, miR-150 mimics did not decrease the luciferase activity in pmirGLO-SRF-mut, confirming that SRF is a direct target of miR-150. 
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